The factors capable of altering pulmonary vascular resistance in man havre not been entirely clarified despite numerous studies. The authors have studied this problem in an unanesthetized human and demonstrated that one mechanism altering human pulmonary vascular resistance is change in venous pulmonary intravaseular distending pressures.
EAN vascular resistance in the pulmonary IVI circulation is calculated from the blood flow and pressure measurements by means of the simple relationship p = F where P represents the pressure gradient between the pulmonary artery and the pulmonary vein, F, the blood flow per unit time, and R. the vascular resistance. For a given pressure gradient and flow rate, R will be determined, among other things, by the physical dimensions of the chaniiels that the blood traverses. In a rigid hydraulic system this formula applies over a wide range of flow and pressure, and R remains constant. In the living subject, however, numerous mechanisms act on the vessels to change their caliber, hence R becomes a variable.
The effect of passive distention on the vascular resistance has been studied recently by several investigators on various animal preparations. Thus, Phillips, Brind, and Levy' found that for a constant pressure gradient between the femoral artery and vein, the flow in the denervated hind leg of the anesthetized dog increased with increasing intraluminal pressures. They concluded that the resistance Ill. This study was supported by a grant from the National Heart Institute (H-2276) and hv the Michael Reese Research Foundation. dropped with increasing vascular distending pressure, leading to passive dilatation of the vessels.
Borst, i-hleGregor, Whittenberger, and Berglund2 demonstrated in dogs that the pulmonary vascular resistance progressively decreased as left atrial or pulmonary artery pressure rose, becoming relatively constant at left atrial pressures above 15 mm. Hg. The vessels subjected to high "distending pressures" behaved like rigid tubes, in that flow became more nearly linearly related to perfusion pressures (mean pulmonary artery pressure minus left atrial pressure).
Carlill and Duke3 also showed in cats that increasing left atrial pressure to 15 cm. of saline decreased pulmonary vascular resistance and increased pulmonary blood volume. Further increase in left atrial pressure produced little additional change in pulmonary vascular resistance at constant flow. They found no change in vascular resistance following atropine, stellate ganglionectomy, or vagosympathetic nerve section in the neck. They concluded that the change in vascular resistance was due to passive distention of the vascular bed produced by increasing the left atrial pressures.
From the available animal experimental evidence it would thus appear that passive distention of a vascular bed by increasing intraluminal pressure is a mechanism that can effectively lower vascular resistance until maximal distention is achieved, at which point the blood vessel behavior approaches that of rigid tubes. found. The normal arrival time indicated that some blood flowing into the right lung went to the left atrium without recirculating through the lung. The amount of blood following this pathway was very small judging from the absence of a conspicuous peak in the early portion of the curve. The pathway to the left atrium on initial circulation through the lungs must have been through the lowermost portion of the right lung, where the mean pulmonary artery wedge pressure of 24 mm. Hg was obtained. The prolonged build-up time and disappearance time as well as the flattened contour of the curve are characteristic of large left-to-right shunts and pulmonary recirculation. The dye curve obtained from the right pulmonary artery suggested that most of the blood flowing into the right lung drained into the right atrium. Thus, the dye curves suggest that the entire left lung drained to the left atrium and that most of the right lung drained to the right atrium.
DIscussIoN
The finding of a much higher vascular resistance in one part of a lung field than in another in the same patient raises some fundamental questions about the mechanism operating to vary pulmonary vascular resistance. Increased flow associated with long-standing pulmonary hypertension has been postulated to cause morphologic changes in lung vascular structure: muscular medial thickening and intimal proliferation of the pulmonary arterioles and small arteries.6 Despite a systemic flow below normal in our patient, the blood flow was above normal through each lung and pulmonary hypertension was present. Our data suggest that the flow through each lung field was approximately the same per unit volume of lung; from what is known of flows in other cases of anomalous pulmonary venous connection (see below) this was probably always so in this patient. Hence, it would seem unreasonable to assume that increased flow together with pulmonary arterial hypertension would selectively increase the vascular resistance in the anomalously draining lung. It is unfortunate that the state of the patient at surgery did not permit us to obtain a biopsy of the right middle lung; we are, therefore, unable to compare the morphology of the vasculature of the 2 differently draining lung fields. A biopsy of the left lung showed normal vascular structure.
One might postulate a variable constricting mechanism acting to a greater degree of the pulmonary vasculatuire in the anomalously draining ling to explain the apparent differences in vascular resistances found in the 2 lung fields. The site and mechanism by which such a mechanism might, occur is unknown.
An alternative explanation is the purely mechanical action of passive vascular distention that was much greater in the lung vessels draining into the left atrium than in those draining into the superior vena cava. That increased intraluminal distending pressure results in decreased vascular resistance ill the, experimental animal is well documented.'-3 There is iio reason to suppose that this mechanism does not/ occuir in man.
The pulmonary vascular resistance of the normally draining lung was roughly one third that of the anomalously draining lung. This might conceivably he due to the vascular bed of the normally draining lung being 3 times as large anatomically (i.e., containing 3 times the number of vascular channels) as the anomalously draining lung. If we assume equal vascularity throughout the lung and roughly equal volumes for the right and left lungs, this would mean that half the right lung would need to drain to the left atrium in order to explain the reduction in resistance found. Although we do not know the exact volumes of the ltings draining to each atrium, we do have some evidence on which to base estimates of relative size. The dye curve obtained by injecting dye into the right pulmonary artery showed much less dye going to the left atrium than to the right atrium on first circulation through the right lung. Hence, (onsiderably less than half the right lung must drain to the left atrium. It therefore follows that disparity in size of vascular beds cannot entirely explain the differences in calculated vascular resistances found.
Catheterization data clearly demonstrated that 2 different intravascular distending venouis pressures acted on the lung vasculature in this patient. The pulmonary artery pressure was the same throughout, hence was not a factor involved. The pulmonary vein pressure of the anomalously draining lung was 9 mmn. Hg, as opposed to 24 mm. Hg in the pulmonary veins of the lung segments draining into the left atrium-a significant difference. Moreover, the distending pressure of 9 mm. Hg is well below, and 24 mm. Hg is well above the critical value of 15 mm. Hg at which experimental evidence indicates that maximum distention is achieved.2' Thus, on this basis, the difference in distending pressure in our patient should have resulted in a considerable increase in the caliber of pulmonary vessels in the lung draining into the left atrium. It would seem to offer the best explanation for our finding of a decreased vascular resistance in the lung field draining into the higher pressure area of the left atrium.
The size of the calculated shunt correlates surprisingly well with the distribution of the blood flow through the lungs in uncomplicated cases of partial anomalous pulmonary venous connection studied and reported by Mlankin and Burchell.7 They concluded that the magnitude of recirculation is proportional to the number of lobes from which the blood is returned to the right! side of the heart. This likewise has been found to hold in other cases of isolated partial anomalous pulmonary venous connection that we have studied.
M\ankin and Burchell predicted that should mitral stenosis develop in a patient with partial anomalous pulmonary venous coniection, the latter lesion would act as a sort of "safety valve" and protect the lungs from congestion whenever the left atrial and pulmonary capillary pressure rose, by providing a bypass to a region of lower pressure, namely, the right atrium. This, they predicted, would permit a greater proportion of the pulmonary blood to flow to the right atrium. Our data, however, do not support this premise. The additional lesion of mitral stenosis in our case and in the case of Sepulveda, Lukas, and Steinberg4 apparently seemed to cause no radical redistribution of blood flow such as was predicted by Mankin and Burchell. In the case reported by Nichols, Woldow, and Goldberg,8 where mitral stenosis and an anomalously connected pulmonary vein coexisted, the flow through the anomalously draining lung also was apparently not significantly changed by the presence of the mitral stenosis. (They published no data that permit calculation of the pressure gradients or size of the lung field draining anomalously.) They found at surgery mitral stenosis and an anomalous left superior pulmonary vein. This correlated well with their preoperative study that showed that 1.2 L. per minute flowed through the anomalously draining lung, while 2.5 L. per minute flowed through the normally draining lung; hence only one third of the pulmonary flow drained to the low pressure area, the right atrium.
Thus, instead of the anticipated facilitation of flow of blood through the lungs draining to lower pressure areas, which would tend to decrease systemic blood flow, a sort of compensatory mechanism acts to decrease the vascular resistance of the normal pathway and to maintain an adequate systemic circulation.
It Evidence is presented that suggests that the blood flow through all lung segments was approximately equal. The pressure gradient across the anomalously draining lung was roughly 3 times that across the lung draining to the left atrium, yet the flow through each was approximately the same. The conclusion is drawn that the pulmonary vascular resistance in the lung draining to the left atrium is one third that in the lung draining to the superior vena cava. It is suggested that the decreased vascular resistance of the lung draining to the left atrium can, at least in part, be attributed to passive dilatation of the vessels by the high left atrial pressure. 
ACKNOWLEDGMENT

